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standing waves of large amplitude. Acoustic-Doppler velocimetry (ADV) and other standard methods will be used to determine the mean and turbulent background flow characteristics. Cobble motions will be monitored by employing video cameras and the resulting data will be analyzed using standard software. Basing on the results of experiments, proper theoretical models will be developed and tested.
Coupled with the laboratory observations of the background velocity field in the shoaling, wavebreaking and swash zones, we will apply theoretical arguments to delineate proper parameterizations of the background velocity field for the case of an impermeable bottom. Furthermore we will employ these parameterizations to refine and extend the models for cobble motions developed under the present grant for the swash (Luccio et al., 1998) and shoaling zones.
WORK COMPLETED
The behavior of large and heavy disk-shaped bottom particles of diameter D (= 5-15 cm), height H (= 3-8 cm) and density U c (= 1.6-2.5 gmcm -3 ) placed on a sandy bottom (mean sand diameter d = 0.04 or 0.1 cm, density U 8 gmcm -3 ) in a wave induced oscillatory flow was reproduced in laboratory wave tank. In the case of a sandy bed, the bottom itself becomes movable and two processes may occur. First, if the fluid velocity is high enough, sand ripples may be formed at the bottom (see, e.g., Sleath, 1984) , and the height h of the ripples may be comparable with the cobble height H. Because of large time instabilities, the bottom topography does not reach an exact steady state and slow variations in the positions of ripples are possible. The slow drift of the ripples may lead to the periodical burial of large and heavy bottom particles. This process has not been studied in detail previously and thus a series of experiments on the dynamics of the formed sand ripples and the influence of this process on the behavior of large bottom particles (cobbles) was conducted. Furthermore, at moderate values of the fluid velocity, when no significant ripples are formed, one may expect that the presence of relatively large objects can modify the flow; thsu noticeable scouring in the vicinity of cobbles is possible, which may result in (at least partial) burial or subsidence of cobbles (see, e.g., Herbich et al., 1984) .
Model cobbles were placed on the sandy bottom and their subsequent motion, the temporal evolution of the sandy bottom profile and the velocity field in water were observed. Particular attention was paid to the large time behavior of such a system. A simple model was developed to explain the results of observations. The model includes such external parameters as the size and density of the cobbles, the sand characteristics and the amplitude and frequency of the waves.
RESULTS
So far this year, our research has concentrated on cobble behavior in the presence of the sandy coastal floor, which is free to move in a periodic flow. The principal outcomes to date are as follows. (i) When the background velocity is just below its critical value, small-scale rolling grain ripples develop on an initially flat bottom and noticeable scour around the cobble occurs. (ii) At large times the scour pattern reaches a quasi-steady state and the resulting maximum subsidence S becomes equal to S = Const D (Const = 0.15). (iii) When the background velocity exceeds its critical value, the vortex ripples start to form.
Typical time W CZ\ 1/2 (C = 2500) of ripple formation depends on the wave frequency Z and the mobility parameter \ (Fig. 1) . After the time W a regular quasi-steady system of ripples is formed (Fig. 2a) with one ripple across the cobble (Fig. 3a) and the cobble partly or completely buried (depending on the ripple size h and cobble height H). (iv) At larger times t > 2W the system of ripples is not stable (Figs. 2b, 3b) and every ripple slowly migrates with some mean drift velocity which can be estimated as where U 0 = ZH and H is the amplitude of the fluid displacement. As a result a heavy cobble appeared to be periodically near the crest or valley of a ripple thus being buried periodically (Fig. 4) .
The estimates for the typical oceanic conditions show that because of the large time instability of bottom topography a cobble at a sandy bed may be completely buried after 4-10 hours. The main results are reported in Voropayev et al. (1998a,b) .
IMPACT/APPLICATIONS
The motion of "heavy particles", such as cobbles, relative to boundaries such as sandy beaches in the presence of oscillatory and turbulent background flows is not well understood from a fundamental point of view. The present project is an integrated laboratory, theoretical and field program that seeks to better understand this complex physical problem. 
